T
he article authored by Swinburn, Metcalf, and Ley and published in this issue of Diabetes Care (1) adds a new perspective to the growing body of evidence that lifestyle interventions can result in improved glucose tolerance among individuals at high risk for developing type 2 diabetes (2). The study provides evidence that long-term compliance with a reduced-fat ad libitum diet may result in sustained improvements in glycemic status after 5 years. Although the final results were somewhat mixed, the findings are of importance because of the relative simplicity of the intervention message, at least in some populations. A recent meta-analysis of low-fat ad libitum diets in relation to weight control also showed that the relatively simple message to restrict fat can, without explicit instruction to reduce calories, lead to weight loss (3). The results of Swinburn et al. (1) also highlight extremely important issues to behavioral intervention studies, in particular, the sustainability of behavior change and the related health benefits over time.
Prevention of type 2 diabetes is a critical public health priority, as evidenced by the substantial increase in the prevalence of diabetes from 8.9 to 12.3% of the U.S. adult population over an 11-year period (4) . From the most recent data available, the remarkably rapid increase in the prevalence of diabetes continued unabated well through the late 1990s (5). Body fatness is perhaps the most notable modifiable risk factor for the development of type 2 diabetes (6). Manson and Spelsberg (2) estimated the risk of type 2 diabetes attributable to obesity to be up to 75%. A striking increase in the prevalence of obesity, as well as diabetes, was reported between the second and third National Heath and Nutrition Examination Surveys. As of the early 1990s, over 50% of the U.S. adult population was overweight (7) . As the prevalence of obesity increases, it is expected that the overall percent of diabetes in the population attributable to obesity will increase.
Numerous interventions focusing on weight loss through hypocaloric low-fat diet, increased physical activity, and a variety of behavior change strategies have emerged (8) . Unfortunately, preventing obesity, or effectively reducing body weight, has proved difficult to accomplish and particularly challenging to maintain in the long-term.
Despite these difficulties, several recent studies have demonstrated the potential for moderate, sustained weight loss to substantially reduce the risk for incidence of type 2 diabetes (9 -12). In the Malmo Feasibility Study (10), both weight reduction and increased fitness were associated with the reduced incidence of diabetes observed among the lifestyle intervention group compared with the control group (RR ϭ 0.37, 95% CI 0.20 -0.68). Despite only minor changes within the Da Qing Study intervention arms of diet, exercise, or diet plus exercise, the 6-year incidence of diabetes ranged from 41.1-46% across the three intervention groups compared with 67.7% in the control group (9) . In the Swedish Obese Subjects (SOS) Study, obese individuals with sustained weight loss after 2 years post bariatric surgery had a substantially lower risk of developing type 2 diabetes (OR ϭ 0.02, 95% CI 0.00 -0.16) or hyperinsulinemia (OR ϭ 0.10, 95% CI 0.04 -0.25) than control subjects (12) . Results from a 2-year clinical trial showed reduced risk for progression from impaired glucose tolerance (IGT) to diabetes among individuals randomized to use orlistat compared with those receiving behavioral therapy for weight loss. These results appear to be attributable to the greater weight loss experienced among those who took orlistat (13) .
The Finnish Diabetes Prevention Study includes 523 overweight individuals with IGT randomized to either control or intensive lifestyle intervention, including reduction of saturated fat and calories, increased intake of dietary fiber, and increased physical activity. From an interim report (14) , those in the intensive lifestyle achieved greater weight loss and improvements in glucose and insulin concentrations than control subjects. In the U.S., the Diabetes Prevention Program (DPP) is a randomized multicenter clinical trial sponsored by the National Institutes of Health (15) to test the safety and efficacy of either pharmacological or intensive lifestyle intervention for weight management and physical activity among over 3,000 individuals of diverse ethnic backgrounds, all of whom had IGT at study entry. Although final results from both the Finnish DPS and the U.S. DPP will be extremely helpful in defining the role of lifestyle intervention and weight management in primary prevention of type 2 diabetes, important questions will remain regarding the feasibility of broadscale implementation of lifestyle interventions, particularly in highly diverse populations.
Observational studies have also provided evidence for the merit of weight loss toward diabetes prevention. Wannamethee et al. (16) reported significantly increased risk for diabetes incidence across a range of weight loss to weight gain observed among 7,100 men (P Ͻ 0.001) over a 12-year follow-up. Findings were similar among both obese and nonobese individuals and among those with normal or high nonfasting glucose levels. Interestingly, these results were based on weight loss that occurred in the population, rather than within a clinical trial. This could be considered an advantage because individuals who are successful in weight loss efforts on their own are typically not eligible to participate in weight loss intervention trials due to recent intentional weight loss. Therefore, it is possible that these clinical trials paint a far gloomier picture of the potential for weight loss interventions to improve health in the population, due to the participants being representative mainly of individuals who have been previously unsuccessful at weight loss attempts. In another well-conducted observational study, namely the Framingham Study, sustained weight loss over two consecutive 8-year periods led to a 37% lower risk of diabetes; however, those who regained the lost weight failed to experience any reduction in diabetes incidence (17) .
Overall, both the clinical trial data (particularly that of Swinburn et al.) and the observational data demonstrate the importance of sustaining weight loss and the related behaviors in order to achieve lasting benefit in terms of glucose tolerance. Wing et al. (18) recently reviewed behavioral science research to date, focusing on lifestyle changes related to obesity, eating behavior, and physical activity. This excellent review notes that long-term behavioral change is indeed one of the most challenging areas in the prevention field today and that future research should focus on environmental as well as individual determinants of weight-related behaviors, including both eating and physical activity. As with any intervention, such research will need to consider the cost effectiveness of approaches under study. With the knowledge gained, hopefully, it will be possible to design intervention strategies to be delivered on both the individual and community levels that will lead to sustained weight loss and reduced risk for type 2 diabetes.
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